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ABSTRACT
Prior research has demonstrated that both children and adults alike hold misconceptions
about various scientific phenomena (Snyder & Sullivan, 1995; Driver et al., 1985). These
misconceptions range from a variety of different fields, including astronomy and space science,
environmental biology, and geology, among others (Miller & Brewer, 2010; Wandersee et al.,
1994; Ritger & Cummins, 1991). Research suggests that the vast majority of misconceptions are
formed early in a students’ educational career, and these misconceptions could be held
throughout adulthood unless they are sufficiently addressed (Coley & Tanner, 2012; Posner et
al., 1982; Nehm & Reilly, 2007; Sadler et al., 2013). Thus, elementary teachers are tasked with
providing students with the scientific information that will form their conceptions for years to
come. This study seeks to identify, understand, and address misconceptions relating to K-4 Earth
and Space Science material in a population of undergraduate preservice elementary teachers. The
study population included 42 undergraduate students enrolled in an elementary science learning
course. Students were given a modified MOSART pre-test to identify their misconceptions (see,
e.g., Haladyna et al., 2002; Haladyna, 2004; Sadler, 1998; Sadler et al., 2009, 2013), two lesson
plans, and a post-test. Both quantitative and qualitative data were collected via student-provided
responses and online lesson plans to form a quasi-experimental convergent mixed methods
design. My analysis suggests that there was a statistically significant improvement between the
pre-test and the post-test, indicating that this group of students improved upon their answers after
completing these research-based lessons. This information, coupled with the student-provided
free responses, indicate that while this population may hold misconceptions related to these
topics, addressing these misconceptions through culturally relevant, inquiry-based or
exploratory-based learning may assist in decreasing said misconceptions.
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CHAPTER ONE: INTRODUCTION
It is a known occurrence that human beings hold misconceptions regarding a variety of
different topics—whether these misconceptions were learned during childhood, within the
classroom, or through other means—misconceptions are present in our everyday lives. They
affect the way we view the world; the way we interact with one another, the judgements we may
pass, the prejudices we may hold. Our views are shaped through the information we have
acquired and learned for ourselves from the sources that we trust. Many times, the basis of our
scientific knowledge is formed in the classroom, a monumental task for educators already
overburdened by intense curricula and imposed metrics. It is of paramount importance that we-as educators, mentors, and advocates—take an active role in understanding and addressing the
misconceptions that individuals may hold.
Scientists and educators constantly grapple with how to change perceptions and
misconceptions prevalent within the public’s understanding of science, as further evidenced and
demonstrated by the public’s response to the COVID-19 pandemic. While misinformation indeed
has an influence on steadfast misconceptions, prior research suggests that these misconceptions
can actually arise at the elementary level, as this is when children acquire and restructure
scientific knowledge (Carey, 1985, 2000). Cognitive psychologists have suggested that children
“develop implicit or explicit informal theories about how the world works. As contrary evidence
accumulates, children may or may not revise these theories” (Coley & Tanner, 2012, p. 210).
That “revision” of theories is an essential part of conceptual change, where students are able to
revisit their prior-held beliefs and seek to develop a more accurate understanding of science
(Carey, 2000; Posner, 1982). At this point in a students’ educational career, proper instruction
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and understanding is essential in forming the base of knowledge that the student will carry with
them throughout their lives.
With both cognitive psychology and conceptual change in mind, school teachers are
tasked with incredibly important jobs-- their teaching habits and classroom structure have the
ability to impact how students think for years to come (Duit & Treagust, 2003; Oleson & Hora,
2014). Because of this, one of the many challenges that an educator will face within their
teaching career is addressing misconceptions held by their students. These misconceptions are
prevalent in a variety of disciplines within the sciences, ranging from how the Earth experiences
seasons to the composition of clouds (Driver, 1985). The genesis of these misconceptions
regarding science is varied, with some students forming incorrect or incomplete ideas from
media, experiences in their childhood, or activities or lessons that they may have misconstrued
during their educational career (Sadler et al., 2009). One such topic that deserves attention is the
scientific understanding of space, scale, and scope. National standards for science education
propose that students should understand space, scale, and scope by the time they reach grade 8,
however these topics are also introduced at the elementary level (NGSS, 2013). These topics will
be further explored in my literature review.
The current research on misconceptions held by K-12 students is robust, and there is an
array of literature within the field of STEM education which seeks to approach the challenge of
addressing misconceptions. Some studies suggest creating models or lesson plans, while others
suggest a strict regimen of conceptual change (Duit & Treagust, 2003; Posner et al., 1982). With
that being said, however, misconceptions surrounding science may not be limited to students in
K-12 classrooms. Many of these studies were conducted with currently practicing teachers or
administrators (Schrein et al., 2009; Sickel & Friedrichsen, 2015). Studies conducted with
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established, experienced teachers demonstrated that they may also be fostering misconceptions
similar to their students, therefore further perpetuating the cycle of misinformation within their
classroom (Sadler et al., 2009). Where I believe the literature is lacking, however, is in
identifying and addressing misconceptions held by teachers prior to them entering the actual
classroom. This population of undergraduate college students interested in teaching elementary
education, otherwise known as preservice elementary teachers, has largely been understudied
and undervalued.
This study proposes to address the gap in the literature surrounding elementary preservice
teachers’ misconceptions about science, and how to potentially address those misconceptions.
The objective of this work is to create research-based classroom activities that can expand upon
the K-4 science standards in order to identify and address the misconceptions held by preservice
elementary teachers. My research questions are based in qualitative and quantitative methods,
culminating with a research question designed to be answered from the integrated mixed
methods data. This study employs a quasi-experimental convergent mixed method design that
uses survey assessments, reflection writing, as well as inquiry-based and research-based
activities as interventions. The goal of this study is to design and incorporate research-based
activities into lesson plans that will potentially address and lessen the misconceptions held by
elementary preservice teachers.
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CHAPTER TWO: LITERATURE REVIEW
Identifying Misconceptions in STEM
The background literature surrounding misconceptions in STEM is varied, as researchers
have demonstrated a continued interest in identifying potential misconceptions held by students,
teachers, and the general public alike. One such study conducted by Nehm and Reilly (2007)
describes the misconceptions held by a population of university students enrolled in a secondyear biology program. The findings, though in line with similarly conducted research, are
alarming in the sense that the college-level participants still held on to their misconceptions
surrounding natural selection that they generated while in elementary school. Although these
students had already taken one semester of a college-level biology course, 70 percent of students
employed misconceptions in their written explanations of evolution (Nehm & Reilly, 2007). The
authors describe their results as being “concordant with several research studies that demonstrate
a substandard understanding of evolution and a wealth of misconceptions in nonmajors and firstsemester biology students” (Bishop & Anderson, 1990; Dagher & BouJaoude, 1997, as cited by
Nehm & Reilly, p. 271). The authors argue that it is necessary to invoke conceptual change in
order to potentially decrease the deep-rooted misconceptions held by students.
Misconceptions in science are not limited to the college biology majors, however. A
study conducted by Miller and Brewer (2010) demonstrated that misconceptions surrounding
elementary ideas of astronomy and space science occur at all levels of learning, and the vast
majority of these misconceptions can also be found in adults. Miller and Brewer (2010) found
that many undergraduate students in the United States struggle with comprehending astronomical
distances, and thus the use of analogies has remained one of the most helpful tactics for
addressing these misconceptions. In reflecting on previous research, the authors argue that
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“misconceptions are different from errors resulting from lack of knowledge because
misconceptions are enmeshed within a system of prior beliefs that make understanding certain
concepts very difficult” (Miller & Brewer, 2010, p. 1550).
A study conducted by Snyder and Sullivan (1995) found that middle school students are
able to effectively convince one another to believe in the misconceptions that one student may
hold. This was amplified through cooperative group work, as students were more likely to
socialize to share and convince one another of their beliefs (Snyder & Sullivan, 1995).
Fortunately, research has demonstrated that teacher-led discussions are more effective at
changing misconceptions held at this grade level (Guzzetti, Snyder, & Glass, 1993, as cited in
Snyder & Sullivan, 1995). Research dating back to early cognitive psychology describes the idea
that language is developed through social interactions (Vygotsky, 1962). These social
interactions, especially during childhood, provide ample opportunities for misconceptions not
only to arise, but to be reinforced (Vygotsky, 1962, as cited by Snyder & Sullivan, 1995, p. 235).
While students may discuss misconceptions amongst themselves in the classroom, they turn to
the instructor the vast majority of the time to gather the correct information. Thus, it is essential
that instructors strive to learn and understand science in order to become a verifiable, trusted
source of information for their students.
There are several different approaches to identifying and addressing misconceptions held
by students and teachers alike. Facilitating the process of actually addressing misconceptions
first requires an initial identification of said misconceptions prevalent within the chosen
population. Prather (1985, as cited in Sadler et al., 2009) first identified a need for reliable
diagnostic tests that could identify students’ misconceptions. One such diagnostic test is found in
a survey-based online software entitled Misconceptions-Oriented Standards-Based Assessment
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Resources for Teachers (MOSART). This is the particular approach that I have chosen for this
study. MOSART was developed by the Science Education Department of the HarvardSmithsonian Center for Astrophysics as an assessment tool to identify common misconceptions
within various scientific disciplines (Sadler et al., 2009). Each of the questions contained in the
survey is based in a national K-12 science standard. There is a body of literature that describes
how the MOSART tools were created, as well as literature involved with conducting thorough
reviews and assessments of this instrument (see, e.g., Haladyna et al., 2002; Haladyna, 2004;
Sadler, 1998; Sadler et al., 2009, 2013).
Common Misconceptions in STEM
A core standard housed within both the Next Generation Science Standards (NGSS), as
well as the Nevada Academic Content Standards for Science (NVACSS), is the concept of space,
scale, and scope (NGSS; NVACSS). Students’ knowledge surrounding the size and scope of
space is considered a fundamental pillar of science, yet, according to a study conducted by Miller
and Brewer (2010), incorrectly estimating the distance between celestial objects is one of the
most common misconceptions seen in both children and adults alike. To combat this, researchers
have implemented analogous thinking, where they create a smaller, scaled model to demonstrate
the larger distances that may be difficult to comprehend (Fraknoi et al., 2000, as cited by Miller
& Brewer, 2010). This scale model activity is one of the activities I used for my classroom
interventions.
Students who hold misconceptions about astronomy and space science could potentially
transpose this to related fields, thus creating incorrect interpretations of similar baseline scientific
concepts. Such an example is evident in the studies conducted by Ritger and Cummins (1991)
and Trend (2001), where the researchers determined that misconceptions surrounding
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astronomical distances are incredibly similar to misconceptions about deep time and
understanding of geology. Trend (2001) goes on to suggest that primary school teachers exhibit
greater skill at imagining historical events rather than accurately imagining the aspects of deep
geological time and space. Conceptualizing space, scale, and scope furthers a students’
knowledge across many scientific fields. Research has demonstrated that misconceptions
surrounding space, scale, and scope have been prevalent in many fields, as students have been
asked to describe, to no avail, similar scale and scope concepts such as the distance between
molecules or the size of cellular organelles (Wandersee et al., 1994). These ideas are prevalent
within biology education literature, however where the literature is lacking is in terms of creating
a unifying theory or framework as to why these students are struggling with learning scientific
concepts (Coley & Tanner, 2012). Researchers have suggested that scale and scope may be a
potential culprit, as “some attempts have been made to explore the role of difficulties in thinking
across size and scale as a potential unifying impediment in biological thinking” (Coley &
Tanner, 2012).
In working with students and teachers alike, understanding these concepts is essential for
developing and building upon scientific knowledge in the core subjects of physics, chemistry,
and biology (American Association for the Advancement of Science (AAAS), 2013). By
employing lessons that may aid in creating the right environment for conceptual change, I hope
to better understand and address the challenges that students may face in conceptualizing the vast
size, scale, and scope of our own cells and our own universe.
Addressing Misconceptions through Inquiry-Based Learning
One such approach to addressing misconceptions held by preservice teachers is the
objective of conceptual change-- it was found that students who experienced dissatisfaction with
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a concept would be more willing to accept an alternate explanation, which in turn creates a
window for educators to introduce the more correct explanation of the concept at hand. If this
replacement was found to be more satisfying or digestible for the student, the student then began
to adopt this new conception (Posner, 1982).
In order to create an environment that would support the potential for conceptual change,
the lesson plans and activities that I proposed are inquiry-based, meaning that the students
explore the lessons and activities through their own interests. Inquiry-based STEM learning
centers around different phases of the learning process: Orientation, Conceptualization,
Investigation, Conclusion, and Discussion (Pedaste et al., 2015, p. 48). Each of these phases
allow students to interact more with the content presented to them, as their primary goal is to
investigate the related coursework. Prior research has shown that inquiry-based learning resulted
in better learning when compared to other methods of instruction, such as direct instruction,
unassisted discovery, or traditional instruction (Alfieri et al., 2011; Furtak et al., 2012). When
students are able to interact with the subject at hand, they can conceptualize the potential paths
forward, and they are led on a guided discussion through the lesson. Students are granted the
option to openly investigate what they’re trying to solve, and at each step of the process they
have the ability to reflect and ask questions both for themselves and for the project as a whole.
Once students have reflected on this, they’re able to draw their own conclusions, and then the
final phase, discussion, is implemented. This is where the instructor and the students work
together to share and disseminate their information, and to reflect on the journey to solving the
original problem.
According to Forbes (2011), inquiry-based science teaching is essential for improving
science learning, both for teachers and students alike. Forbes’ (2011) research sought to explore
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preservice elementary teachers’ experiences with adapting science curriculum materials in order
to incorporate more inquiry-based science teaching (p. 932). The goal of the study was to
determine if, and how, preservice teachers could adapt lesson plans to be more focused on
inquiry practices. The participants in this study were all preservice teachers, meaning that each
participant had yet to go into the classroom to teach elementary education. The study
demonstrated significant improvements between the pre- and post-experimental groups, outlining
the benefits associated with inquiry-based teaching (Forbes, 2011). As such, have used this
approach for my lesson plans in order to incorporate inquiry-based, relevant content to
potentially improve student learning.
While inquiry-based activities allow students to discover, and connect with, scientific
material, it doesn’t necessarily mean that it is accessible for marginalized students. Inquiry-based
activities must be intentional and include several different viewpoints in order to represent and
reflect the future teaching population. Research has found widespread support for this view, as
inquiry-based education can assist underserved and underrepresented populations in participating
in science (Rosebery et al., 1990). This is especially important for students coming from diverse
ethnic and cultural backgrounds, as science is often seen as being inaccessible and structurally
disadvantageous to minority populations (Dawson, 2018). Elementary science education should
be no different, as this is the first of many occurrences where educators have the ability to affect
positive change in the minds of their students. By incorporating culturally-relevant teaching
practices, each inquiry-based activity can potentially connect with a more diverse population of
students. As such, I chose to incorporate culturally-relevant teaching into each of the lesson plans
administered in this study. By approaching the content of my lessons from a culturallycompetent perspective as well as approaching my data and analysis through the lens of
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transformative theory, I hope to further contribute to making science education a more equitable
and welcoming space.
Transformative Theory and Multicultural Education
Creating an environment that supports conceptual change relies on several different
factors, including the students’ comfort level of a concept, the previous information they have on
that concept, as well as any sociopolitical factors that may be influencing the students’ trust and
learning in the classroom. These sociopolitical influences are not new, and they have been
affecting many different populations since the formation of our country. Nonwhite populations
are vastly underrepresented in science, and ignoring these inequities will further perpetuate these
divisions within science. As such, I have chosen a transformative theoretical approach in
constructing these lesson plans, as I believe we must continue to work toward dismantling
harmful Western ideologies and white supremacy.
I have chosen to approach this study from a transformative worldview (Mertens, 2003, as
cited by Creswell & Plano Clark, 2017, p. 40). Within the transformative perspective lies several
options for analyzing data through a critical lens; I have approached my work through the lens of
both Critical Race Theory (CRT) and feminist theory. As discussed by Creswell and Plano Clark
(2017), these theoretical frameworks allow researchers to recognize different power
positionalities that undoubtedly occur between the interaction of researcher and participant, as
well as teacher and student. Thus, it is essential to share this power equitably, and to encourage
open-minded dialogue and communication.
One of the largest challenges that multicultural education faces is the misunderstanding
of the concepts and teachings that take place. Multicultural education is not just a celebration of
Black History Month, or having one week where cultural foods and traditions are shared in the
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classroom (Nieto & Bode, 2018). Multicultural education does not exist to “divide” the country,
or instill anti-American values and sentiment-- both of which were examples cited by actual
politicians advocating for the cancellation and erasure of a Mexican-American Studies program
in Arizona (Precious Knowledge, 2011). Instead, multicultural education exists to inform
students about cultural wealth, challenge racist views and systems, reject discrimination, and
assist students in reflecting on and understanding systemic inequities (Nieto & Bode, 2018).
Multicultural education is a necessary component of any educational setting, as this field of
study affects all students, no matter their race, class, ethnicity, gender, or sexual orientation.
In Clark’s (2002) article about multiculturalism across disciplines, they discuss how
difficult it is for professors to include multicultural teachings within the hard science disciplines.
Education is often undervalued in these fields, as scientists are focused on discovering new
knowledge and conducting their research as opposed to educating the public and communicating
science. There are, of course, exceptions, and growth has been occurring in both science
communication and multicultural representation in science. Clark (2002) provides various ways
to engage with multiculturalism within the classroom, including incorporating content that
focuses on the representation of those traditionally underrepresented in science, as well as
discussing their contributions and work among other things (Clark, 2002). This is one of the
approaches that I have taken with my lesson plans—each one attempts to incorporate a
culturally-relevant story or activity. By creating research-based lesson plans that incorporate
culturally-relevant teaching practices, educators may better understand and connect with the
students that they are teaching.
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CHAPTER THREE: METHODOLOGY
Research Design
My methodological approach is a quasi-experimental convergent mixed methods design
adapted from Creswell and Plano Clark (2017). With this approach, I collected both qualitative
and quantitative data concurrently, and the integration of these datasets serves as my final
analysis and interpretation. This data stems from a portion of the content from a semester-long
course focused on scientific methods and materials for teaching life, physical, and earth sciences
through pedagogical content knowledge, discovery-based activities, and curriculum integration.
This is a required course for elementary science teaching which prepares many students to teach
within the same school district. Our local school district, one of the largest in the nation, is
46.2% Hispanic or Latinx, 24.2% white, 14.6% Black or African American, 6.2% Asian, 1.6%
Native Hawaiian or Pacific Islander, and 0.4% Indigenous or Alaskan Native. 69.2% of the
students in this district are on free or reduced lunch, and as such are classified by the District as
economically disadvantaged.
The participants in this study were 42 undergraduate students enrolled in an elementary
science teaching course at a large Southwestern university. Out of those 42 participants, 29
completed both the pre-test and the post-test, and 26 participants completed all material,
including the pre-test, two lesson plans, and post-test. Participants were given unique identifiers
in order to protect their identity and confidentiality, and each of these lesson plans did not affect
their course grades. The population involved in this study were preservice elementary teachers,
which means that they have yet to enter the classroom to teach their own class, however they are
within their final two years of teacher preparation and education in the degree program of
elementary education.
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I developed my research questions to reflect a convergent mixed methods model, as one
question focuses on qualitative and quantitative data, while the other focuses on the integration
of these data, respectively. My research questions are as follows: Did the inquiry-based activities
created to address misconceptions around earth and space science change undergraduate
elementary preservice teachers’ pre- and post-test scores? How have undergraduate elementary
preservice teachers’ misconceptions shifted after participating in this series of lessons on earth
and space science?
According to Creswell and Plano Clark (2017), examples of a convergent mixed method
design arose in the 1970’s, as researchers conceptualized this design to obtain similar results
from two different methodological processes. This triangulation, or merging of results, allowed
the researcher to collect two separate sets of data and then analyze them as one (Creswell &
Plano Clark, 2017). This design is incredibly useful for my research, as I had limited time in
terms of data collection. Due to the access I had to my research population and the limitations of
my Master’s degree program, a convergent mixed methods design allowed me to collect both
quantitative and qualitative data at the same time without compromising on one or the other. This
also allowed me to have access to qualitative and quantitative data from each of my study
participants, and I believe this is crucial in supporting why culturally competent, inquiry-based
learning may be the best approach to addressing misconceptions. Additionally, supporting the
quantitative data with qualitative conclusions allows me to continue to approach my work from a
transformative theoretical perspective, as the qualitative information provided by the participants
provides an understanding of where our education system has failed underrepresented students,
as well as what potential systemic barriers or problems are in place that are affecting the
conceptions of preservice teachers.
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While this convergent design was practical for collecting the type of data I am interested
in, it is not without its own limitations and challenges. One challenge, as identified by Creswell
and Plano Clark (2017) is the merging of a text and numeric data. While a portion of my data
stemmed from reflection questions and feedback provided by the participants, the other portion
consisted of statistics garnered from the MOSART pre-test and post-test to determine learning
advances or changes. With this in mind, I triangulated my data by incorporating a paralleldatabases variant (Creswell & Plano Clark, 2017) in order to successfully combine my results.
The parallel-databases variant allows me to collect and analyze data independently of one
another, and then the results of those datasets are combined and compared within my results and
discussion. An example of this would be a study conducted by Feldon and Kafai (2008), where
the researchers were able to successfully collect ethnographic interview data alongside survey
responses to provide a more complete picture of their conclusions (Feldon & Kafai, 2008, as
cited in Creswell & Plano Clark, 2017). By focusing on the mixed methods aspect of my data,
this approach assisted in gaining multiple perspectives on what the participants’ needs may be.
Research has demonstrated that providing survey responses to multiple choice questions and
free-response questions created a more well-rounded perspective (Bryanton & Weeks, 2014, as
cited in Creswell & Plano Clark, 2017).
In addition to the problem of merging text and numerical data, the issue of divergence of
results may arise. As described by Creswell and Plano Clark (2017), this is when the quantitative
and qualitative results do not agree. For example, this could occur if a participants’ test results
did not significantly improve from the pre-test to the post-test, but their answers on the reflection
questions seem to point to an increase in understanding and a decrease in their misconceptions.
This could potentially be remedied in future studies by collecting additional data or explanations
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from the participants’ whose results did not match whatsoever, and potentially expanding upon
the questions asked in the qualitative portion.
Data Collection
As described in my literature review, the MOSART tests exist for various disciplines in
K-12 education, including astronomy and space science, geology, and life sciences. I specifically
used portions of the K-4 Astronomy/ Space Science Test in order to gather data through a selfreport of misconceptions within the tested population. Participants were provided two different
test forms for the pre-test and the post-test (MOSART K-4 Astronomy/ Space Test A and B,
respectively) to assess the topics of astronomy as it relates to space, scale, and scope, which
ensures that the questions are not in the same order on both assessments. This test covers topics
related to the perceived distance between celestial bodies, the size and scale of astronomical
objects, and the Earth’s place within our solar system, galaxy, and the universe. This MOSART
multiple-choice test (K-4 Astronomy/ Space Science Test A) was administered to the participants
prior to the lessons occurring to establish a baseline diagnostic of the misconceptions held by this
population. At this point of the study, data was collected on what the most commonly held
misconceptions were and student pseudonyms were created to ensure confidentiality of all
respondents. Student demographics were not collected during this study, and all demographical
information was self-disclosed by participants in the free-response portions.
Following the pre-test, two online lessons containing several activities were administered
over the course of the semester. These activities, further described below as Lesson Plan 1 and
Lesson Plan 2, employ inquiry-based interventions, such as modeling or simulations, to address
the misconceptions held by this population of preservice elementary teachers. Subsequent to the
classroom interventions, a post-test was administered after the completion of the lessons. Similar
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to the pre-test, the post-test was also a modified MOSART multiple-choice test (K-4 Astronomy/
Space Science Test B), however, it contained alternate questions addressing the same concepts in
order to mitigate any potential threat to validity. This test was used to collect data on whether or
not the student’s misconceptions were addressed over the course of the research-based
interventions, and, if so, to measure the degree of change that occurred.
The information gathered from the pre- and post-tests compiles the quantitative portion of
my data, as this is where I was able to draw a comparison between the pre-test and post-test in
order to determine whether or not individuals significantly improved after the classroom
interventions. I also measured student change over time on an individual level (i.e. did the
student improve-- as determined by their test scores-- after the lessons were administered), as
well as on a classroom level (i.e. did the class demonstrate improvements in average pre/post-test
scores as a whole). By using descriptive statistics, including measures of central tendency, I can
statistically visualize whether or not the individual student and class average improved.
Additionally, I compared these percentages to the actual student percentages across the United
States, as described in the literature behind the MOSART instrument (Sadler et al., 2009).
Analysis of the quantitative data allows me to determine what areas that participants are
struggling with the most, and the results from their free responses both in the lessons and the preand post-test will provide significant context to their thought processes and decisions.
For the qualitative portion of my study, I provided the participants with reflection
prompts as well as open-ended questions with the administered MOSART surveys. The data
contained in the free response portions compiles my qualitative data. The written responses were
open coded manually to determine if there was substantial growth or improvement, as described
by the participants themselves. Emphasis was placed on codes that specifically discussed
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decreasing or correcting misconceptions as well as general enhancement or interest in learning
science. Participants were provided the opportunity to detail their experiences and ideas
regarding space, scale, and scope, as well as prompting participants to potentially self-identify
which scientific misconceptions they hold as well as how those misconceptions have shifted over
time. Additionally, participants were provided writing space to reflect upon the inquiry-based
activities in order to describe what they did and did find effective or helpful.
The collection of this data is twofold-- first, it provides me with information on what
participants may be specifically struggling with in terms of elementary science learning
standards. Second, this data provides an insight into demographic or systemic factors affecting
this student population, such as ethnic or cultural disparities and the accessibility of educational
resources. By approaching this study from a transformative theoretic framework, I hope to
incorporate culturally-sensitive teaching practices and lesson plans that resonate with the diverse
student population we are tasked with serving.
Lesson Plan 1
Each of the lesson modules were administered through Qualtrics, where participants were
provided four separate links: two for the pre-test and post-test, and two for the lesson modules.
Full lesson plans can be found in Appendix A (Lesson Plan 1) and Appendix B (Lesson Plan 2).
The first lesson I administered to the participants consisted of five free-response questions, two
short videos, and an interactive learning activity. Prior to any questions being shown, this
message was displayed for all participants:
This lesson focuses on expanding your knowledge surrounding solar and lunar eclipses.
Solar and lunar eclipses, along with content regarding our Sun and moon, are found
throughout K-4 and 5-8 learning standards.
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This lesson should take 30-45 minutes to complete. Keep in mind that for the freeresponse questions, there are no "right" answers-- please do not consult any outside
sources and answer to the best of your ability.
A space was provided for participants to enter their pseudonym to ensure anonymity when
conducting the analysis. For the first question, I asked participants to describe how eclipses work
without consulting any outside sources. I then asked them to recall an instance of learning about
the sun, moon, or eclipses within their own educational careers, and whether that learning
occurred in a formal (such as a classroom) or informal (such as occurring at a museum or
browsing online) setting. Participants were asked to describe the experience and what they
remembered from that particular lesson. Then, participants were provided with two short videos,
both of which were from the NASA website regarding how and why eclipses occur. After
watching the videos, participants were then asked to visit a link for the Lunar and Planetary
Institute (https://www.lpi.usra.edu/education/explore/eclipse/), which contained several folktales
retold by two professional storytellers. These stories spanned across the United States and
Indigenous nations, Asia, South America, Central America, Europe, and Africa, and there was
also the option for a video/ American Sign Language (ASL) component. Out of the 12 folktales
available, participants were asked to choose one story that resonated the most with them, and to
listen to the audio recording of that story. Participants were then asked to identify why this
particular story resonated with them, as well as if there were any particular portions of the story
that they felt they personally connected with. In order to emphasize the importance of
multicultural education, the final question for this segment of the module asked, “why is it
important to engage with stories from different backgrounds or cultures? How do we, as
educators, value these stories and voices in the classroom?” I chose this particular question
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because I wanted to draw attention to the value that these stories bring to enriching and
enlightening our classroom experience. The final question in the module for Lesson Plan 1 asked
the same question as the beginning of the module, with one addendum: “Please describe, to the
best of your ability, how eclipses work. How has your answer changed since the beginning of
this lesson?”
Lesson Plan 2
The second lesson plan was also housed on Qualtrics and consisted of several free
response questions, one video, and potential sharable activities centered around Earth’s solar
system and surrounding celestial bodies. Similar to the first module, participants were asked to
provide their pseudonym and an opening message was displayed:
This lesson focuses on expanding your knowledge surrounding our solar system and
celestial bodies. Content relating to our solar system, our galaxy, and related space
science topics are found throughout K-4 and 5-8 learning standards.
This lesson should take 30-45 minutes to complete. Keep in mind that for the freeresponse questions, there are no "right" answers-- please do not consult any outside
sources and answer to the best of your ability.
The first free response question asked participants to share three facts about the solar system
without consulting any outside resources. I then asked the participants to recall an instance
within their own educational career where they learned about our solar system and the Milky
Way galaxy, as well as whether this instance was in a formal or informal setting. After this,
participants were asked to watch a video of a solar system model being built to scale in the
Southwest United States. They were then directed to a PBS website that contained several
activities for K-12 educators that were interested in teaching content related to scale, scope, and
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our solar system (https://vegas.pbslearningmedia.org/collection/universe/). Participants were
asked to choose a particular activity for their own classroom, and then were asked to evaluate
what they did or did not like about the activity they had chosen, followed by a question regarding
what they would improve or expand upon for that particular activity. I created this section of the
module in the hopes that participants could visualize themselves teaching or adapting one of the
activities for their own future classrooms, as well as in the hopes of understanding their preferred
method of instruction.
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CHAPTER FOUR: RESULTS
Quantitative Analysis
For the quantitative portion of my data analysis, I was interested in comparing how the
individual participants scored on the pre-test versus the post-test, as well as the change over time
in the class as a whole. There was a total of 26 students who completed all the activities, which
included the pre-test, the two lesson plans, the reflection questions, and the post-test. I created
two datasets I was interested in exploring, the first being the matched pre- and post-test scores
for individual participants (n=26); the second being individual question scores on the pre- and
post-test—18 questions were compared, with 42 responses to the pre-test and 29 responses to the
post-test.
Individual Student Analysis
Each of the 26 participants’ scores were paired by matching the unique student
pseudonym provided in the pre- and post-test. Participants had the ability to correctly answer 18
questions in both the pre-test and the post-test; the mean score for the pre-test was 11.31, while
the mean score for the post-test was 12.00. The standard deviations of these means were 2.56 and
2.315, respectively. With these parameters in mind, I was interested in comparing the means of
both groups to assess for any changes. I conducted a paired samples t-test, as my data came from
the same group measured at different time points. I have chosen this test as my data is parametric
and normally distributed (see Appendix D). A skewness and kurtosis value between -2 and +2
are considered acceptable in order to prove normal univariate distribution (George & Mallery,
2010). I used SPSS 26 to run a paired sample test with a 95% confidence interval. The two-tailed
p-value for this t-test was 0.033, which is below 0.05.
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With a t-test value at 2.250, the mean difference between the pre- and post-test conditions
exceeded the t two-tail critical value of 2.060 at a 0.05 p-value for 25 degrees of freedom (Beyer,
2017). This signified that the null hypothesis (H0= no significant difference between the pre- and
post-test scores) could be rejected.
Individual Question Analysis
For this portion of my study, I was interested in determining whether or not there was
improvement in each of the individual questions on the MOSART pre- and post-test. Each of the
questions were categorized into groupings of misconceptions, ranging from lunar cycles and
eclipses, the scope of our solar system and galaxy (including astronomy and space science), and
the conceptualization of deep time and scale. Each of the questions are further summarized in
Table 1, and all questions on the Pre- and Post-Test are provided in Appendix C.
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Table 1
MOSART Topic Comparisons
Summary of Question Topic
Planetary orbits between Earth &
Sun1
Lunar eclipse2
Distance and size of objects in
night sky3
Scope of our solar system4
Number of stars in our solar
system5
Distance of objects within and
outside solar system6
Lunar cycles7
Position of the moon, stars, and
clouds8
Star dispersal across the sky9
Reason the Earth is not covered in
ice10
The formation of the moon11
Sunlight reaching Earth12

Pre-test
(n=42)

Post-test
(n=29)

Pre-Test
(%)

Post-Test
(%)

Degree of
Change

31
10

25
14

73.81
23.81

86.21
48.28

12.40
24.47

21
15

15
10

50.00
35.71

51.72
34.48

1.72
-1.23

11

12

26.19

41.38

15.19

17
35

15
27

40.48
83.33

51.72
93.10

11.25
9.77

24
29

20
13

57.14
69.05

68.97
44.83

11.82
-24.22

24
17
17

15
16
19

57.14
40.48
40.48

51.72
55.17
65.52

-5.42
14.70
25.04

48.28

-1.72

89.66
96.55
72.41

1.56
13.22
-1.40

86.21
13.79

2.87
1.89

Size and scale of mountains13
21
14
50.00
Scope of deep time and the
ocean14
37
26
88.10
Scope of deep time and fossils15
35
28
83.33
16
Scale of mountain erosion
31
21
73.81
Scope of climate change over
deep time17
35
25
83.33
18
Moon and Earth positionality
5
4
11.90
Superscripts 1-18 delineate the question number referenced in Table 2 below.
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As there were more respondents to the pre-test as opposed to the post-test, I converted each of
the scores to a percentage value, where the number of correctly answered questions was divided
by the total number of respondents (Pre-test n=42, Post-test n=29). Once these values were
converted to percentages, I was able to compare these percentages, I calculated the degree of
change between the two scores. The positive numbers indicate a higher percentage of
participants answered that question correctly in the post-test when compared to the pre-test,
while the negative numbers indicate a lower percentage of participants answered that question
correctly in the post-test when compared to the pre-test. Due to the unique nature of this dataset,
specifically with the small sample size and paired analysis, I chose to employ a nonparametric
test. I chose to use a Wilcoxon Signed Ranks test, which provides a robust analysis for
comparing two datasets from the same population (Wilcoxon, 1945). This statistical analysis
allowed me to ‘rank’ the differences in scores from the pre- and post-test percentages calculated
earlier, providing the opportunity to easily visualize positive or negative changes, as seen in
Table 2. A signed-rank test assists in visualizing which direction the change occurs, i.e. if
students performed better or worse on specific questions, and to what degree those changes
occurred. I used SPSS 26 to run a related-samples Wilcoxon Signed Ranks test, providing me
with the information that there were 13 positive differences from the pre-test to the post-test, and
5 negative differences.
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Table 2
Pre- to Post-Test Wilcoxon Signed Ranks Analysis
Question
from Table 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Pre-Test
Percentile
73.81
23.81
50.00
35.71
26.19

Post-Test
Percentile
86.21
48.28
51.72
34.48
41.38

40.48
83.33
57.14
69.05
57.14
40.48
40.48
50.00
88.10
83.33
73.81
83.33
11.90

51.72
93.10
68.97
44.83
51.72
55.17
65.52
48.28
89.66
96.55
72.41
86.21
13.79

Observed
Differences
12.40
24.47
1.72
-1.23
15.19
11.25
9.77
11.82
-24.22
-5.42
14.70
25.04
-1.72
1.56
13.22
-1.40
2.87
1.89

Signed Values
+
+
+
+
+
+
+
+
+
+
+
+
+

The results from the SPSS 26 Wilcoxon Signed Ranks statistical analysis can be found in Table
3. In comparing the median score of the pre-tests and the median score of the post-tests, there is a
statistically significant difference between the two, resulting in a rejection of the null hypothesis,
H0 (H0= the median of differences between Pretest Questions and Posttest Questions equals 0).
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Table 3
Wilcoxon Signed Ranks Hypothesis Test Summary
Null Hypothesis

Test

The median of differences Related-Samples

Significance

Decision

.019

Reject the null

between Pretest Questions Wilcoxon Signed
and Posttest Questions

hypothesis.

Rank Test

equals 0.
Asymptotic significances are displayed. The significance level is .050.

Qualitative Analysis
The written responses were manually open coded to determine if there was substantial
growth or improvement that was self-identified or described by the participants. Emphasis was
placed on codes that specifically discussed decreasing or correcting misconceptions as well as
general enhancement or interest in learning science. I was particularly interested in the lived
experiences of the students participating in this study.
Lesson Plan 1 Analysis
A total of 37 participants completed Lesson Plan 1, with two participants declining to
answer the free response questions. This lesson encompassed lunar eclipses and multicultural
storytelling, with multiple free-response questions. The first question, “please describe, to the
best of your ability, how eclipses work” had 35 participant responses. Out of those students that
answered, 5 were unsure or stated that they did not know, 18 stated an incomplete or incorrect
fact, and 12 provided the correct definition of an eclipse. Examples of incomplete or incorrect
facts regarding an eclipse include “where the sun and moon overlap causing a dark shadow”
(Lei), or “the sun comes between Earth and the moon” (Magarita). While eclipses do in fact deal
with planetary rotations and how sunlight reaches the Earth, these statements suggest that the
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Sun is the celestial body moving about, as opposed to our moon rotating around our Earth. One
student identified this misconception at the beginning of the module, stating “I know that the sun
is never between the earth and the moon” (Roux). For the second question, I asked, “try to recall
instances (within your own educational career) where you learned about the sun, the moon, or
eclipses. Describe the educational setting: was it formal (such as occurring in a classroom, being
taught by an instructor) or informal (occurring at a museum, browsing online, etc.)? What do you
recall the most about this instance or learning experience?" Out of the 35 responses, 18 shared
that they had learned in a formal setting, 9 learning in an informal setting, 4 learned in both a
formal and informal setting, and 4 did not recall learning about eclipses during their educational
career. For the participants learning in a formal setting, their answers ranged from elementary to
middle school science courses, with one student learning about eclipses in an elective college
astronomy course. For the participants who reported learning in an informal setting, their
answers ranged from trips to museums, watching science television shows, or using the internet
to learn more about eclipses (usually after being prompted by an eclipse occurring). A few
participants shared that they learned in both formal and informal settings, with one participant
stating, “I remember learning a little in the classroom, but after I got older I learned just from
asking other people. Very informal” (Dakota).
I was interested in comparing the factual answers for the first question with the learning
style in the second question in the hopes of gleaning more information about how these ideas are
solidified in the minds of the participants. Out of the 12 students that provided the correct
definition of an eclipse, 6 learned about it in a formal setting, 3 in both a formal and informal
setting, 2 in an informal setting, and 1 shared that they did not recall learning about eclipses
whatsoever, despite answering the first question correctly. Many of the students who answered
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the first question correctly shared their personal experiences with learning—one participant
stated, “almost everything I can remember about learning from space came from me being at
home watching Beakman’s World, The Learning Channel, or reading it in the Encyclopedia
Brittanica” (Jace), while another participant shared “I was able to watch an eclipse in person so I
did some googling then, I also learned about them in a college astronomy class” (Sunan). Out of
the participants that provided partially incomplete or incorrect answers to the first question,
many mentioned things such as, “I vaguely remember learning about eclipses in 7th grade Earth
science. It was in a formal education setting. We just completed a worksheet” (Magarita), or “I
learned about it first in my seventh-grade earth science class. My teacher knew what she was
talking about, but [went] very fast and brushed over a lot of stuff” (Avery). Both of these
students demonstrated a partial understanding of how eclipses work, but both also acknowledged
the teaching styles of their previous instructors.
For the second portion of Lesson Plan 1, my intentions were to expose the participants to
the value of culturally-competent learning. The free response questions relating to this section
stem from the multicultural eclipse stories described in my Methodology chapter. For this
question, I asked, “what drew you to this particular story? Describe an element of the story that
drew you in or that you personally connected with.” The response was positive, with students
sharing personal stories from their own lives in connection to the stories they chose to explore.
One student made a powerful statement, sharing information about own culture and experiences:
“I was drawn to the ‘Daughter of the Sun.’ It is a folktale from the Cherokee. I was drawn to this
because my grandfather is Native American. I feel like when I get to read folktales I am almost
learning about my past and connecting with my history” (Inola). Students overwhelmingly chose
stories that they felt they personally connected with, sharing “I picked the ‘Heavenly
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Sweethearts’ because it was a Thai story. I'm part Thai and I was curious to see what a folktale
from there might be like,” or “I was drawn to this story because my son in half Mexican and falls
in the age range. It was story he would be able to relate to and is a part of his culture” (Sunan).
One student selected a story from Mayan culture, stating “I chose this story because it was
labeled as a Mayan story. The story starts by talking about how this was before Mexico (where
my family comes from). It was easier for me to imagine the characters and what the villages
would have looked like” (Alondra). Each of these students were able to find a unique story that
connected back to their personal lives.
Next, I asked the question, “Why is it important to engage with stories from different
backgrounds or cultures? How do we, as educators, value these stories and voices in the
classroom?” While one may consider this a leading question, I felt that it was important to
include in this format because I wanted students to critically think about the importance and
influence of multicultural education. As future educators, we must value stories from different
backgrounds and cultures in order to begin deconstructing the westernized ideals and colonialism
present in our everyday curricula. By providing students with the leading prompt of the
importance of engaging with different cultures, I hoped to further emphasize the direction that
we should be moving in as culturally-competent, responsible educators. In these settings, it is
important to acknowledge and value non-western and Indigenous sciences, and thus the way that
their stories are told. Many students used this question as an opportunity to share their ideals
regarding teaching, sharing “it is important to include diverse stories, preferably told by diverse
people in the classroom in order to present students with windows and doors so they might learn
about others and see themselves in the stories they read” (Laura), and “it is important to engage
with stories from different backgrounds or cultures because it is how these cultures explained
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great scientific wonders such as the eclipse. As educators, we value these stories and voices in
the classroom because of their historic value” (Allyn). Each of the students were able to identify
that sharing multicultural stories is an important aspect of teaching, however some responses fell
short of a robust answer, such as “cultural diversity provides many different perspectives” or, “to
teach multiple students astronomy and how it works.” While these are true statements, they do
not provide an in depth understanding of the value that other cultures bring to the classroom. We
must challenge ourselves to think critically and to emphasize alternate perspectives. As one
student eloquently stated,
“Everyone has a different perspective and students need to learn to explore, analyze, and
try to understand those perspectives. By engaging with stories from different cultures or
backgrounds, we are allowing students to see beyond their scope. As educators, we can
value these stories and voices in the classroom by including them in our lesson plans,
have them in our classroom libraries, or recommend them to students.” (Magarita)
At the end of Lesson Plan 1, I asked participants to revisit the question that was asked at
the beginning of the module: “Please describe, to the best of your ability, how eclipses work.
How has your answer changed since the beginning of the lesson?” Out of the 37 students who
responded to this question, 25 presented a scientifically accurate, correct description of eclipses,
9 students provided incorrect or incomplete descriptions, 1 cited no improvement, and 2 did not
provide a response. The 12 students who correctly described an eclipse at the beginning of the
module continued to provide correct answers at the end of the module, accounting for roughly
half of the correct responses. 13 students demonstrated improvement from incomplete or
incorrect answers at the beginning of the module. Many of the participants who answered
correctly at the beginning of the module added new facts or an expanded understanding of
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eclipses, demonstrating an understanding for the finer details and processes involved in our solar
and lunar cycles.
Lesson Plan 2 Analysis
At the beginning of the second module, I asked the participants to provide three facts
about our solar system without consulting outside resources. I was primarily interested in crossreferencing these data points with the questions on the MOSART pre- and post-test to determine
points of similarity or difference. With no other restrictions besides the facts needing to range
from K-12, an astonishing amount of responses contained the same facts. Out of the 90 facts
provided by participants, only 10 were unique facts; these were facts that were not provided by
any other student within the dataset. The frequency of each code and the division of the topics
can be found in Table 4. Of particular interest is the high frequency of facts relating to the order
of planets (e.g. “Earth is the third planet from the Sun”; “Mercury is the closest planet to the
Sun”), the number of planets (e.g. “there are 8 planets in our solar system”), and identifying the
Sun as a star (e.g. “the sun is actually a star”).

31

Table 4
Qualitative Open Coding for Lesson Plan 2
Topic

Frequency

Order of planets

13

Moon (eclipses and phases)

5

Number of planets (8)

16

Planets orbit the Sun

7

The Sun is a star

13

Earth is habitable

6

We are in the Milky Way

6

Pluto is a dwarf planet

6

Venus

3

Saturn

2

Incorrect/ Non-fact

3

Unique Facts

10

Many of the facts provided by the participants were related to the common misconceptions
identified by the MOSART test. The 10 students who provided unique facts also shared their
personal learning experiences, with an even mix of informal and formal education.
Next, I asked students to recall an instance within their own educational career where
they learned about our solar system and the Milky Way galaxy, as well as whether this instance
was in a formal or informal educational setting. Out of the 30 responses, 15 learned about the
solar system and the Milky Way galaxy in a formal setting, 7 in both a formal and informal
setting, 4 in an informal setting, 3 shared that they did not recall learning about the solar system,
and 1 declined to answer. Two students recalled learning about the solar system from collegelevel astronomy courses, stating “I don't remember learning about the solar system and Milky
Way galaxy until I took astronomy my first semester of college. It was really difficult and I
struggled with a lot of the concepts,” (Harper), while the other student remarked, “I learned
about the solar system in elementary school but then gain in college when I took a class that was
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based off the solar system. I remember that I enjoyed it when I was younger, but in college I did
not enjoy learning about the solar system” (Kami). I want to highlight both of these points
specifically, as the students who shared that they learned about it in college found it relatively
uninteresting and difficult. This sets them apart from the other students who recalled first
encountering knowledge about the solar system and the Milky Way in an elementary classroom
or informally through their own pursuits.
My next set of data stems from the lesson plans that the participants chose to explore and
theoretically apply to their own future classrooms. Participants were tasked with exploring a
website that had several K-12 classroom activities for educators that were interested in teaching
content related to scale, scope, and the solar system
(https://vegas.pbslearningmedia.org/collection/universe/). For this activity, I was primarily
interested in having students picture their future selves teaching while also determining what
practices they thought would be best for their students. I qualitatively coded these responses to
determine major themes present, and to determine what type of instructional style was present in
this sample. The code that appeared with the highest frequency was “interactive,” as the
participants shared that they selected their lessons based on their interactive nature—one student
commented, “I teach second grade, and I liked how the K-2 lesson on sun, moon, and star
patterns involved movement. I think the students successfully retain information when
movement is part of the learning process” (Frankie). This “movement” that Frankie mentions
was not unique—many of the participants shared this thought about entirely different lesson
plans, such as this one on the celestial bodies— “I really liked the hands-on aspect of the lesson.
It got students up and moving. Students were visually able to see what is happening in our solar
system” (Inola). For the students who identified areas of improvement within the lesson plans

33

they chose, many also commented on the lack of interaction in those specific lesson plans, such
as “what I liked about the lesson was that it was structured as an inquiry. What I most disliked
about the lesson was how the lesson wasn't very interactive. I'd have my students write their
explanation, but I'd also have them draw a picture or make a model,” (Magarita). This was a
common theme among the participants who provided potential improvements to the lesson
plans—many commented on adding a video or group discussion component to provide different
types of media and interactions for their own students. After participating in these activities,
students were asked again to assess their knowledge of the solar system and if their facts had
changed since the beginning of the module. For many of the students who provided the high
frequency facts outlined in Table 4, they shared that their answers did not change. Frankie, who
also shared that they liked the interactive movement component of the online lessons, expressed
this sentiment, sharing “no, my answers haven't changed. They were fairly simple, primary
grade-level answers.” 15 students had answers similar to this, sharing that their facts had not
changed since they stated well-known facts. 8 students shared that they were able to expand upon
or add more details to their already correct facts, such as “I think after the lesson, I simply have
more answers or facts that I could share. I think that going through this allowed me to build on
my previous knowledge” (Robin) and “none of them have changed but I have gained more
information to add to my fun facts of the solar system” (Harper). The remaining 7 students did
share that they improved their knowledge, with some organically discussing scale and scope
concepts: “I think my facts have changed from the beginning of the lesson. I think that now I
understand perception more and how it plays a role in viewing the solar system. After watching
the video of how the diagrams can be misleading on the actual distance between planets and
making a real representation of the distance. It helps put it into perspective” (Karissa), and “I am
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more aware of the perception of distance versus the actual distance” (Sable). One student even
shared, “none of the pictures we have seen in our textbooks or online about our solar system are
to scale!” (Ember).
Convergent Analysis
One of the key features of a convergent mixed methods design is that the qualitative data
and the quantitative data are incorporated together to form a converged dataset (Creswell &
Plano Clark, 2017). This convergence, or integration, is essential in determining the effectiveness
of the experimental measures used. I used the statistical data from the pre-test and post-test,
coupled with the free-response questions answered by participants, to inform my Discussion &
Conclusions below. Both my qualitative data and my quantitative data were used to support one
another and to inform my overall analysis. I sought to determine whether or not student
improvement was self-disclosed by the students themselves, evident in the pre- to post-test
results, or a present through a combination of both. My convergent analysis suggests that
students self-disclosed learning more and improving their answers while also increasing their
scores from the pre-test to the post-test.

35

CHAPTER 5: DISCUSSION & CONCLUSIONS
At the beginning of this study, I was interested in answering two research questions: Did
the inquiry-based activities created to address misconceptions around earth and space science
change undergraduate elementary preservice teachers’ pre- and post-test scores? How have
undergraduate elementary preservice teachers’ misconceptions shifted after participating in this
series of lessons on earth and space science?
In addressing the first research question, I have formed my results from my quantitative
analysis. This research question explores whether or not improvement occurred at the individual
student level, and whether that improvement was related to the lesson plans created to address
those misconceptions. According to my statistical analysis, the 26 participants who completed all
course materials demonstrated an increase in mean scores from the pre-test to the post-test: 11.31
to 12.00, respectively. In using a paired t-test I was able to determine improvement (or lack
thereof) for each student on an individual level. At this point, one may consider the statistical
power of this test with a smaller sample size. In considering effect size and power, a one-tailed ttest has a 0.80 power for a sample size of 25, however a two-tailed test does not reach a power
threshold of 0.80 until there is a sample size of 34 (see G*Power, UCLA Statistical Consulting).
This could lead to a significant result being dismissed due to not having enough power, or failing
to reject the null hypothesis (a Type II error). Despite this, my t-test value exceeded the t critical
value, signifying that the mean difference between the pre- and post-test was statistically
significant. I recognize the many nuances involved with statistical analysis, therefore I wanted to
further support or disprove these findings through a qualitative analysis which is further detailed
below. While this does not extrapolate out to elementary preservice teachers as a whole, there
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seems to be genuine improvement within this group of students, and there are many interesting
findings that could be applied in a classroom setting.
The Wilcoxon Signed-Ranks test assisted in visualizing what topics students improved
upon, but it also allowed me to visualize which topics students struggled with more after
proceeding through the two lesson plans. This is important to note, as the dissipation of some
misconceptions may give rise to others. One particular point I would like to address is the
relatively large negative difference (-24.22 from pre-test to post-test) for Question 9, which
pertained to the pattern of stars in the sky. A large percentage of students responded that stars are
seen in spiral patterns, as opposed to the correct answer of stars being randomly dispersed
throughout the night sky. I personally believe this new misconception arose from one of the
activities offered in Lesson Plan 2; students may have equated the spiral shape of the Milky Way
galaxy with the misconception that stars are aligned in spiral patterns. This data point was the
largest of the five negative values; the others ranged from -1.23 to -5.32. These negative
differences could have arisen for a variety of reasons that fall outside of the scope of my dataset
and the reasoning provided. With that being said, participants demonstrated an improvement
through the other 13 questions, with the largest positive differences being seen in how quickly
sunlight reaches Earth (a 25.04 increase), how eclipses of the moon can occur (24.47 increase),
identifying the Sun as the only star in our Solar System (15.19 increase), and the formation of
Earth’s moon (14.7 increase). My analysis suggests that the magnitude of the positive differences
outweighed the negative differences in a statistically significant way (p < 0.05), signifying that
there was indeed improvement between the pre- and the post-test for this group of students.
To address my second research question, “how have undergraduate elementary preservice
teachers’ misconceptions shifted after participating in this series of lessons on earth and space
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science?” I leaned heavily on my qualitative data and the feedback that students provided. As I
approached this study from a transformative lens, I sought to include non-Western cultures,
emphasizing Indigenous and Native stories, and understanding the role that culture plays in
understanding science. One such practice used in multicultural education is content integration-this involves exposing students to multicultural authors, leaders, artists, scientists, and other
notable figures throughout history and contained within textbooks (Banks, 1993). This is exactly
why I chose to include the multicultural eclipse stories and subsequent questions as a part of this
study—scientists and educators alike need to understand and value the power of folktales,
storytelling, and cultural wealth (Clark, 2002). Additionally, the students eventually being taught
by these preservice teachers are incredibly diverse, thus further emphasizing the need to
appreciate and understand different cultures. By giving these participants the opportunity to
reflect on this, I hoped to further emphasize the importance of cultural competency and
reflective, student-centered teaching.
In analyzing my findings from Lesson Plan 1, a few key insights stood out to me with
regard to cultural cognizance and competence. In this lesson, the students who were able to draw
personal connections to the stories were also able to provide more details regarding how eclipses
work by the end of the module. Being culturally cognizant increases one’s ability to view things
from a different perspective—many students discussed the benefits and necessity of an expanded
worldview. As one of the participants shared,
“I love hearing about the differences in cultures and seeing things from a different
perspective! It is important to engage with their stories to gain a global perspective and
appreciation of our differences. As educators, we need to showcase different cultures and
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voice an appreciation for the different perspectives. Students need to be shown to respect
and listen to other backgrounds.” Alondra, Lesson Plan 1
This particular response stood out to me because of the last sentence: “students need to be shown
to respect and listen to other backgrounds.” As educators, we set the foundation for a student’s
entire educational career. We have a large part in establishing their worldview and their
understanding of our society, and the information that we share resonates in ways we may never
know. As this student eloquently points out, educators can be role models for our students,
demonstrating an appreciation of different perspectives. Previous research suggests that
multicultural education impacts student learning in a positive manner and also contributes to
scholastic improvement (Nieto & Bode, 2018). My data supports this literature, as a vast
majority of students were able to explain how eclipses work by the end of the module. While
many of the folktales contained spiritual or supernatural events, they were explained in such a
way that broadened the listener’s worldview and could have contributed directly to the student’s
engagement and improvement. Out of the 37 students who answered this question, 25 provided
the correct definition of an eclipse, a stark increase from the beginning of the module where only
12 students provided a scientifically accurate definition. For the students who answered correctly
at the beginning, many still provided a personal connection or interesting fact that they learned.
Magarita, who shared that their early learning experience on eclipses was vague and involved a
worksheet, later shared their thoughts on one of the multicultural eclipse stories: “what drew me
to this was how it contrasted my vision of the relationship between the sun and the moon. In
Mexican Talavera art we often see the sun and moon as hugging or kissing or just together.”
This student improved from having a misconception about eclipses at the beginning of the
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module, “for a lunar eclipse, the sun comes between the Earth and the moon. For a solar eclipse,
the moon comes between the Earth and the sun,” later improving upon that answer with
“Solar eclipses happen when the moon comes between the Earth and the Sun. This makes
the sun dark. Lunar eclipses happen when the Earth comes between the moon and the
sun. This causes the moon to go dark and gain a reddish tint.” (Magarita, Lesson Plan 1)
The improvement in the eclipse module is also reflected in the MOSART pre- and post-test
analysis, as students increased 24.47 percentage points for the question regarding eclipses.
While I cannot directly attribute the improvement of eclipse misconceptions on the
connection to multicultural stories, it is clear that the multicultural aspect of this lesson was
engaging and allowed students to connect further to the material. This is further supported by the
literature suggesting that when students are considered ‘producers’ of knowledge instead of
consumers, they’re more likely to become engaged with the material and see themselves as
successful (Carmichael & Tracy, 2020). This ability to see yourself as a producer of knowledge
should not be limited to the stereotypical idea of a scientist, however; Latinx students, Black
students, and Indigenous students should also be given the opportunity to ‘picture themselves’ in
scientific roles—visualizing themselves as the producers of knowledge. By incorporating
multicultural stories told from the perspective of these respective groups, it allows students to see
themselves in the stories that they have chosen, and to further connect with the topic on a more
personal level. This is why multicultural education can, and should, be integrated into science
curricula—by providing perservice educators with opportunities to hear these stories, to tell these
stories, we can better connect with students at an earlier stage in their educational career.
In looking at the qualitative data that arose from Lesson Plan 2, I originally separated the
students who provided unique facts into two groups— ‘formal’ and ‘informal’. I was unable to
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identify any notable differences between the formal and informal learning group, however what I
did discover was that each of these students either shared that their solar system knowledge was
self-taught (emphasizing the positive impact of exploration and inquiry), discovered at a
planetarium or museum, or that their teacher had them complete a project outside with
observations or creating models. One student begrudgingly shared, “I remember learning about it
a little in physics. We had to track Orion's belt across the sky in high school. I actually really
hated that project because we had to stay up so late for data and it was really cold” (Roux). This
student was not alone in expressing their displeasure with learning these particular concepts in
high school and college, joining both Harper and Kami as identified in my Data Analysis.
Opposite of these students, however, were others expressing a positive learning experience in
elementary school, adding “I learned about the skies from the Griffith observatory, I was in
awe!” (Sable), and “I most remember learning about the planets in 3rd grade. I remember
looking at a model my teacher had with all planets (and Pluto!) and I remember sitting there
memorizing the order” (Dakota). Pluto was also an unexpected recurring theme throughout the
data, as many of the students pointed out that Pluto was considered a planet when they were in
elementary school. The students that acquired this knowledge in elementary school expressed
positive feelings associated with those memories, while the three students that identified learning
about this in high school or college expressed negative emotions relating to that educational
experience. While this was not the main focus of my analysis, it was interesting to see how
students recalled and retained information related to science.
In thinking about how this is relevant to elementary classrooms, a large majority of these
students reported first learning about these topics in elementary school. A large body of literature
has demonstrated that teachers impact students’ thinking for years beyond the classroom (see
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Duit & Treagust, 2003; Oleson & Hora, 2014). It is not unreasonable to think that the
information these particular students learned in elementary school informed their conceptions of
our solar system today. In Lesson Plan 2, many provided facts that were associated with the K-4
level, later identifying that many of their formal learning experiences occurred in elementary
classrooms. Despite many of these students attending elementary school over 15 years ago, the
facts and information that first came to mind were recalled from their primary education. One
may ask if these facts were simply being recalled from the pre-test— many of the facts provided
by students do line up with the topics covered in the MOSART tool—however the low number
of codes associated with moon phases and eclipses would suggest otherwise. Participants were
directed to proceed from the pre-test to Lesson 1 (in which they learned about eclipses and the
moon), followed by Lesson 2. If direct recall of facts were to occur, it would most likely be from
the lesson directly preceding the question asked here—suggesting that students latch on to these
conceptions from an early age and carry them into adulthood. This notion is further supported by
literature on misconceptions forming early on in a student’s educational career (Carey, 2000;
Posner, 1982).
Circling back to the research question at hand, I sought to determine whether these
lessons successfully addressed the misconceptions held by this sample of students, and if that
shift was identifiable through the data collected. Out of the 26 students who completed the pretest, the post-test, and both Lesson Plan 1 and Lesson Plan 2, only 5 students stated that they did
not improve upon or change their answers from the pre-test to the post-test. The other 21
students shared that they did change their answers from the beginning, and many shared that they
were able to expand upon their previous knowledge and add more detail to their informed
guesses. Example exit statements from students include “these lessons were interesting because
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it slightly changed my knowledge or process to discover an answer by activating prior
knowledge from the material. My answers did change from the beginning of the lesson to now
by understanding eclipses in more detail” (Lei), “I liked that the lesson reflected on scale of
planets relative to Earth. Some of my answers changed when I took the post-test because I
gained more knowledge from participating in the lesson” (Allyn), and “participating in these
lessons taught me more about the solar system and formed questions that I can see my students
asking,” (Harper). Many of the students who self-identified improvement from the pre-test to the
post-test did in fact score better on those tests. In using the statistically significant results from
my quantitative portion and supporting those results with the feedback provided in my
qualitative data, I believe that this group of students have decreased their misconceptions
surrounding earth and space science.
The goal of this study wasn’t just to inform students about the importance of elementary
astronomy and space science—it was to hopefully to improve upon the scientific knowledge that
these students will carry into their own classrooms, show students an equitable pathway to
understanding science, and to get students thinking about the concept of scale and scope. I focus
in on these two concepts specifically because of the robust literature on how scale and scope
impact all scientific thinking; it is not limited to solely being about our solar system and our
moon. Students’ conceptions surrounding scale and scope also stem from elementary school, as
this is where modeling and other activities are introduced to help students conceptualize these
concepts. No matter how this is done—whether it is through crafting a solar system model,
creating a geologic time scale, or watching a video on the vast scale of evolution, each of these
scenarios contribute to the increased understanding of various scientific phenomena (Coley &
Tanner, 2012; Ritger & Cummins, 1991; Nehm & Reilly, 2007).
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Future Directions and Implications
With the results of this work, I can potentially contribute to the literature supporting the
current Nevada Academic Content Standards for Science in expanding the discussion of space,
scale, and scope in K-12 classrooms (NVACSS, 2013). Additionally, these results may provide
an additional framework for addressing misconceptions that commonly arise in preservice
teacher populations by incorporating relevant, thought-provoking, and culturally cognizant
science activities. The implications of this research are two-fold—first, there are implications for
current educators and preservice educators, and the second are implications for scientists and
researchers. While some might contend that teachers need to have a better understanding of
science, I posit that where we are sorely lacking is in the resources: teachers need support from
both administrators and policymakers in order to advocate for more resource funding and better
use of current funds. By providing teachers with the time, ability, and resources to conduct
science in their elementary classrooms, we can better prepare an entire generation of potential
scientists. In this sense, scientists and researchers can partner with local school districts and
teachers to enhance their science programming and to alleviate some of the teaching load. By
emphasizing the importance of the education behind a science career, we can better prepare our
scientists to be communicators and teachers, and better prepare our teachers in developing
science curricula. As I consider myself a scientist, a student, and an educator, I believe that we
can come together to continue the work of those before us in making science a more accessible
and equitable space for all.
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APPENDIX D: STATISTICAL ANALYSIS

t-Test: Paired Two Sample for Means
(individual students)
Pre-Test (%)
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail

62.8205128
201.899335
26
0.79711256
0
25
2.25
0.01674825
1.70814076
0.0334965

t Critical two-tail

2.05953855

Post-Test (%)

Pre-Test

66.6666667
165.432099
26

Post-Test

Mean

62.8205128

Mean

66.6666667

Standard Error

2.78663938

Standard Error

2.52245377

Median

63.8888889

Median

66.6666667

Mode

55.5555556

Mode

55.5555556

Standard Deviation

14.2091286

Standard Deviation

Sample Variance

201.899335

Sample Variance

165.432099

Kurtosis

0.74299677

Kurtosis

-0.8009918

Skewness

-0.5587076

Skewness

-0.1466642

Range

61.1111111

Range

Minimum

27.7777778

Minimum

38.8888889

Maximum

88.8888889

Maximum

88.8888889

Sum

1633.33333

Sum

1733.33333

Count
Confidence Level (95.0%)

26
5.73919124

12.862041

50

Count
Confidence Level
(95.0%)
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26
5.19509079
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Potential Microbial Degradation of Diesel Range Organics from Amchitka Site Drilling
Mud Pits.” Publication number 41273, prepared for the U.S. Department of Energy.
Moser, D., Hamilton-Brehm, S., Thomas, N.J., Dagher, R. (2016). “Cultivation and
Isolation of Candidatus Desulforudis audaxviator.” Grant number 50647. Prepared for
the Marine Biology Lab/ Deep Carbon Observatory.
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Conference Presentations
Chambers, B., Sherwood, C., Vo, T., Thomas, N.J., Mehta, A., Fick, S., Chiu, J.L.,
Arias, A., Callah, B., Dias, M., Kuhel, K., Hanuscin, D. (Accepted). “The Roles and
Uses of Crosscutting Concepts in Elementary Teaching.” Paper submitted for
presentation at the 2021 National Association for Research in Science Teaching
(NARST) International Conference, Orlando, FL.
Vo, T., Thomas, N.J. (March 2020, Accepted). “Investigating Elementary Pre-service
Teachers' Implicit use of CCC's Overtime through Lesson Planning.” Paper accepted
for presentation at the 2020 National Association for Research in Science Teaching
(NARST) International Conference, Portland, OR. *Cancelled due to COVID-19
Thomas, N.J., Vo, T. (March 2020, Accepted). “Examining Elementary Preservice
Teachers' Understanding of Natural Selection Through Technology.” Poster accepted
for presentation at the 2020 National Association for Research in Science Teaching
(NARST) International Conference, Portland, OR. *Cancelled due to COVID-19
Thomas, N.J. (Feb 2020). “Space, Scale, And Scope: Enhancing Understanding and
Decreasing Misconceptions in STEM Education.” Podium presentation at the 2020
Graduate and Professional Student Research Forum, Las Vegas, NV.
Thomas, N.J., Vo, T. (Feb 2020). “Addressing Misconceptions Regarding Space,
Scale, and Scope within a Population of Preservice Elementary Science Educators.”
Poster presented at the 2020 Conference on Academic Research in Education (CARE),
Las Vegas, NV.
Thomas, N.J. (Feb 2020). “Space, Scale, and Scope: Three activities engaging in the
NGSS Cross-Cutting Concepts.” Workshop presented at the 2020 Nevada State
Science Teachers Association Conference, Las Vegas, NV.
Thomas, N.J., Vo, T., Sabel, J. (Nov 2019). “Science in the News: Engaging NonBiology Majors in the World of STEM.” Poster presented at the 2019 Professional
Development Conference of the National Association of Biology Teachers (NABT),
Chicago, IL.
Thomas, N.J., Vo, T. (Nov 2019). “Birds of a Feather: Using Simulations to Enhance
Science Learning in Preservice Teachers.” Workshop presented at the 2019 School
Science and Math Association (SSMA) Convention, Salt Lake City, UT.
Vo, T., Thomas, N.J., Higgins, C. (Nov 2019). “Natural Disasters as Inroads to
Elementary Student Learning and Graduate Student Engagement.” Workshop
presented at the 2019 School Science and Math Association (SSMA) Convention,
Salt Lake City, UT.

73

Cheng, A., Carter, E., Grotjohn, K., Thomas, N.J., Young, S.M. (April 2018).
“Nutritional Composition of Placenta Supplements Compared to Other Meat.” Poster
presented at the 2018 UNLV Undergraduate Research Symposium, Las Vegas, NV.
Carter, E., Cheng, A., Grotjohn, K., Thomas, N.J., Young, S.M. (April 2018). “An
Investigation of Alternative Maternal Health Care Practices and Beliefs.” Poster
presented at the 2018 UNLV Undergraduate Research Symposium, Las Vegas, NV.
Grotjohn, K., Carter, E., Cheng, A., Thomas, N.J., Young, Sharon M. (April 2018).
“Processing Methods of the Human Placenta and Effect on Potentially Harmful
Substances.” Poster presented at the 2018 UNLV Undergraduate Research
Symposium, Las Vegas, NV.
Thomas, N.J. (April 2017). “Sexism in the STEM Fields: The New Age of
Microaggressions.” Poster presented at the 2017 Stanford Research Conference,
hosted at Stanford University, CA
Thomas, N.J. (Nov 2016). “Sexism in the STEM Fields: The New Age of
Microaggressions.” Poster presented at the 2016 UNLV Office of Undergraduate
Research Symposium, Las Vegas, NV.
Thomas, N.J. & Phung, R. (March 2015). “Irradiation of Various Structures of
Graphene.” Poster presented at the 2015 UNLV Academic Affairs & Office of
Undergraduate Research Poster Conference, Las Vegas, NV.
Woodsworth, J., Armstrong, J., Thomas, N.J., Del Rosario, A.L., & Rowland, S.
(April 2014). “Micropaleontology of Late Pleistocene ‘Unit D’ of the Tule Springs
Fossil Beds.” Poster presented at the 2015 UNLV Geosymposium, Las Vegas, NV.
PROFESSIONAL EXPERIENCE
September
2019 to
Present

Professional Development Graduate Research Assistant, Student
Involvement and Activities, UNLV
Supervisor: Colt Kraus, M.A.
Description: Fully-funded competitive Graduate Assistantship position
with the UNLV CSUN Undergraduate Student Government. Assists in
advisory role, student engagement and advocacy, and legislative affairs.

January
2019 to
August 2019

Graduate Research Assistant, Department of Research & Economic
Development, UNLV
Supervisor: Sharon Young, Ph.D.
Description: Fully-funded competitive Graduate Assistantship position
with the Office of Undergraduate Research. Focused in classroom and
organization outreach, research consultations for undergraduates, and data
analysis of research impact on undergraduate careers.
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January
2018 to
January
2019

Senior Research Consultant, Office of Undergraduate Research, UNLV
Supervisors: Sharon Young, Ph.D. & Rebecca Boulton, M.A.
Description: Leads training of office staff and students in conducting
undergraduate research consultations. Connects students to faculty research
mentors and assists in developing research proposals, CV editing, and
professional development.

July 2016 to
December
2017

Undergraduate Research Consultant, Office of Undergraduate Research,
UNLV
Supervisors: Liam Frink, Ph.D. & Sharon Young, Ph.D.
Description: Serves as a consultant to undergraduates in assisting them
with finding potential research opportunities. Assists with event
programming and development of research fairs and poster conferences.
Research Ambassador, Office of Undergraduate Research, UNLV
Supervisor: Sharon Young, Ph.D.
Description: Serves as an undergraduate representative on the Research
Advisory Board. Assists undergraduates in finding research opportunities
and preparing for professional school.
Undergraduate Teaching Assistant
Biology 197 General Biology II Lab, UNLV
Supervisor: Tim Duffy, Teaching Assistant
Description: Assists in the Biology 197 lab in regards to lab set up,
presentations, student assistance, and detailed explanations of various
topics.

May 2015 to
December
2017
Fall 2014

UNIVERSITY SERVICE
Professional and Academic Workshops & Invited Talks
Resume or Curriculum Vitae: How to Create Them and When to Use Them
Invited speaker for the Graduate College’s Professional Development Academy, March
2021
Research Poster Design
Invited speaker for the Graduate College’s Professional Development Academy, Feb.
2021
“Find your Community” Panel
Invited panelist for the Graduate College’s Recruitment Event, Jan. 2021
Communicating Effectively with your Mentor/ Advisor
Invited presentation for the Graduate College’s Professional Development Academy,
Oct. 2020
Antiracism & Equity Listening Sessions
Invited co-facilitator for the UNLV College of Education, Aug. 2020
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“Nuts and Bolts of Getting Involved with Research at UNLV”
Invited workshop presenter at the OUR Summer Research Skills Academy, Aug. 2019
STEMpowerment for Women Workshop
Invited speaker at the 500 Women in Science Nevada Chapter workshop, May 2019
“Getting Connected to Research at UNLV”
Invited presentation at the UNLV Honors & Research Symposium, Oct. 2018
“Get Connected: An Introduction to the World of Research Consultations”
Invited speaker at OUR Summer Research Skills Academy, Aug. 2018
“Experience as an Undergraduate Researcher”
Invited speaker at OUR Summer Research Skills Academy, July 2017
“Relationship with your Research Mentor”
Invited speaker at Summer Research EXperience (REX) for Undergraduates, July 2017
“Professionalism in the Workplace”
Invited presentation at the OUR Research as Professional Development Workshop, Oct.
2015
Grad Rebel Advantage
August 2019
to May 2020

Grad Rebel Advantage Mentor
Description: Graduate mentor to a cohort of undergraduate students interested
in pursuing graduate school. Assists with advising, research advice, and holds
cohort meetings.

Special Committees
September
2020 to
Present

Graduate Top Tier Initiatives Committee Member
Description: Graduate member representing the Graduate & Professional
Student Association. Meets monthly to review and make recommendations
for interdisciplinary programs and initiatives to continue the Top Tier
trajectory of UNLV.

September
2020 to May
2021

Vice President for Research Search Committee
Description: Serves as the graduate student representative and voting
member in the UNLV Vice President for Research Search Committee.

February
2019 to
September
2019

Graduate Course Review Committee Member
Description: Member at Large representing the Graduate & Professional
Student Association. Meets monthly to review and make recommendations
for all proposals regarding the creation or elimination of graduate courses.
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February
2019 to
September
2019

Graduate Programs Committee Member
Description: Member at Large representing the Graduate and Professional
Student Association. Meets monthly to review and make recommendations
for all proposals regarding the creation, changes, or elimination of graduate
programs and certificates.

July 2017

OUR SURF Application Review Committee Member
Description: Reviews scholarship applications for the Office of
Undergraduate Research Summer Undergraduate Research Funding (OUR
SURF) Scholarship.
CSUN Scholarships Application Review Committee Member
Description: Reviews scholarship applications for the CSUN Research &
Development and CSUN Research Stipend awards.

May 2017

August 2016
to March
2017

College of Sciences Dean Search Committee
Description: Serves as the undergraduate representative and voting member
in the UNLV College of Sciences Dean Search.

September
2016 to May
2017

Vice President for Research and Economic Development Search
Committee
Description: Serves as the undergraduate representative and voting member
in the UNLV VPRED Search.
COMMUNITY SERVICE

UNLV College of Education Saturday STEM School
March 2019

STEM Saturday Volunteer
Description: Cofacilitates weekly lessons to students in grades 3-5 surrounding
the topic of natural disasters and how to effectively prepare for them.

Coral Academy Science Fair
February
2019

Coral Academy Science Fair Judge
Description: Judges science projects and experiments from grades 7 through
12.

UNLV Club Science
January
2015 to
January
2017

Position: Founder and Member
Description: Founder of the inaugural “Club Science;” UNLV students present
science projects twice a month to the kids at the Boys and Girls Club. This
ongoing program provides viable career options for younger students while
keeping them interested in the world of science.
LEADERSHIP SERVICE

77

UNLV Graduate and Professional Student Association (GPSA)
May 2021
to Present

Position: Student Body President
Description: Represents 4,000 graduate and professional students at UNLV.
Serves as a liaison to various administrative and department entities.

May 2020
to May
2021

Position: Student Body Secretary
Description: Serves on the Executive Council for the Graduate & Professional
Student Government at UNLV. Chair of the Service & Activities Committee, as
well as Chair of the Publications Committee. Records all meetings in
compliance with Nevada Open Meeting Law.

UNLV Consolidated Students of the University of Nevada (CSUN) Student Government
July 2014
to
November
2017

Position: College of Sciences Senator
Description: Representing the 3,000 students within the College of Sciences at
UNLV.
Assists in managing a 1.4 million-dollar CSUN budget, assist science
organizations in receiving funding, and planning science-related events. Acted
as liaison between the College of Sciences and Student Government.

August
2017 to
November
2017

Position: Oversight Committee Chair
Description: Chairwoman of the Oversight Committee. Processed all
complaints or possible violations of the CSUN Code of Conduct, the
Constitution, and the Bylaws.

August
2015 to
October
2016

Position: Senate President Pro Tempore
Description: Serves as the head of the Senate and the liaison between the
Executive and Legislative branches. Trains incoming Senators in regards to
proper Parliamentary Procedure. Created the Legislative Intern program, where
freshmen and transfer students have the opportunity to become involved in the
legislative process.

July 2015
to
September
2015

Position: Ways and Means Committee Chair
Description: Manages a $250,000 budget and assists various undergraduate
student organizations in receiving funding.

December
2014 to
October
2015

Position: Oversight Committee Vice Chair
Description: Co-founder of UNLV CSUN’s first Oversight Committee, which
acts as a checks-and-balances between the Legislative and Executive branches.

78

April 2014
to
Feb 2015

Position: Camp CSUN Coordinator
Description: Co-founder of UNLV’s first Camp CSUN, which allows high
school students across the valley to attend UNLV for two days and participate
in CSUN events, as well as allowing them to attend classes, meet professors,
and receive information on various research options.

May 2015

Position: Elections Board Member
Description: Assists with the Student Body Elections and acts as a liaison
between the Legislative and Executive branches.

UNLV Scientista Foundation
February
2017 to
Present

Position: Member
Description: Serves on the Communications Committee, and assists with the
planning of various events related to STEMM (Science, Technology,
Engineering, Math, and Medicine) education and communication.

February
2017 to
December
2017

Position: Recruitment Chairwoman
Description: Assisted in the Chartering of the UNLV Scientista Foundation,
the Nevada branch of the National Scientista Foundation. Head of the
Recruitment Committee, which exists to encourage passionate women in
science to join Scientista.

Gamma Phi Beta Sorority International
June 2017 to
December
2017

Position: President
Description: Serves as the head of the Executive Council. Leads all Chapter
meetings as well as events. Effectively manages an organization of 90 members and
a budget of $40,000.

October
2016 to June
2017

Position: Administrative Vice President
Description: Serves as the chairwoman of the Bylaws and Standing Rules
Committee and the head of the Administrative Department. Duties include
maintaining records of meetings, facilitating programming of events, and
maintaining roster and calendar. Serves as one of the seven members of the
Executive Council.

March 2016
to October
2016

Position: Standards Chairwoman
Description: Serves as the Chairwoman of the Standards Committee; maintains
attendance records and upholds general membership requirements and standards of
Gamma Phi Beta.
LAB TECHNIQUES
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Biology

Anaerobic culturing, correct aseptic technique, DNA extraction, microbial
streak plating, chromatogram DNA sequence analysis, PCR technique,
NanoDrop, collection of fossilized samples, microscopic analysis of both
fossilized and living organisms, basic plasmid mini-prep technique, wet
mound slide preparation

Chemistry

IR spectroscopy, sample preparation, reagent preparation, media preparation
RELEVANT COURSEWORK

BIOL 301 Fossil Records
BIOL 304 Molecular Genetics
BIOL 341 Ecology
BIOL 351 Microbiology
BIOL 409 Virology
BIOL 464 Bacterial Pathogenesis
BIOL 486 Animal Behavior
BIOL 447 Adv. Comp. Animal Physiology
BIOL 415 Evolution
BIOL 444 Plant Ecology

BIOL 461 Prokaryotic Diversity
CHEM 474 Biochemistry I
PSY 303 Physiological Psychology
EPY 702 Research Methods
EPY 718 Qualitative Research
EPY 721 Inferential Statistics
CIS 638 Applications of Tech. in K-12
CIG 761 Theoretical Frameworks of Sci.
Ed.
BIOL 701 Research Ethics
CME 600 Multicultural Education

MEDIA COVERAGE
UNLV Creates Guest Speaker
Representing the Graduate & Professional Students at UNLV, August 2020
“Nevada Woman in STEM”
Office of Senator Jacky Rosen, January 2020
“Getting Ahead of the Curve”
UNLV News Center Article, July 2017
“The Starting ‘Block’”
UNLV Magazine, Fall 2015 Issue
REFERENCES
References available upon request.
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